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Background of the Invention 

This invention relates to an A.C. powered 
smoke detector with a back-up battery and, more 
particularly, to such a detector with a supervision 
circuit for monitoring the power capacity of the 
back-up battery without the need for first 
physically disconnecting the A.C. power from the 
detector . 

There are basically three different types 
of commercially available smoke detectors 
categorized according to their electrical power 
supply. There are first those which are solely 



battery powered, secondly, those which are solely 
powered by conventional A.C. power provided by 
utility companies and, thirdly, those which are A.C. 
powered but have a back-up battery. The third type 
of detector is intended to be primarily powered by 
A.C. with the back-up battery only providing 
necessary power to operate the detection and alarm 
circuitry in the event of loss of A.C. power. 

It is known to monitor the battery in the 
first and third types of detectors. In the third 
type of detector, this is done by operational 
testing of the battery by simulating a detection 
signal to the detection and alarm circuitry in 
response to actuation of a manually actuatable test 
switch. This procedure requires manual interaction 
which may not necessarily be forthcoming on a 
regular basis. It also causes the alarm to sound 
which depletes the battery to an undesirable extent 
for test purposes and can desensitize people to the 
alarm, if tested too often. In addition, failure of 
the alarm to sound during the test does not 
necessarily indicate that the battery is defective, 
for failure of the other parts of the circuitry can 
also cause such failure. 

In the A.C. powered detectors with a back- 
up battery, the back-up battery voltage can only be 
compared to a minimum voltage if the A.C. power is 
first disconnected from the detection and comparison 
circuitry, and a test switch is manually actuated to 
perform an operational test as described above with 
respect to the battery operated detectors. 

Accordingly, there has been a need for a 
battery back-up type of A.C. powered detector with a 
supervision circuit which monitors the power 



capacity of the battery, as opposed to only the 
voltage; and, which performs this monitoring fuction 
automatically on a periodic basis while the A.C. 
power remains physically connected to the detector. 

Summary of the Invention 

Tt is therefore the principal object of 
the present invention to fulfill this need and 
provide an A.C. powered smoke detector with a back- 
up battery supervision circuit for testing the power 
capacity of the back-up battery without the 
necessity of sounding the alarm or physically 
disconnecting A.C. power from the detector during 
performance of the test. 

This objective is achieved by providing 
the improved back-up battery supervision circuit of 
the present invention in conjunction with a smoke 
detector having a smoke detection circuit , an alarm 
actuatable by the detection circuit and a D.C. power 
supply. The D.C. power supply includes an A.C. 
input terminal for receiving A.C. power and a D.C. 
output terminal on which it normally supplies output 
D.C. power to the detection circuit and to the alarm 
whenever it, in turn, is receiving A.C. input power. 
A back-up battery provides D.C power to the 
detection circuit and to the alarm in the event of 
loss of output D.C. power from the D.C. power 
supply . 

In a preferred embodiment, the back-up 
battery supervision circuit comprises means for 
checking the power capacity of the back-up battery 
whenever a test load switch is actuated, means for 
actuating the test load switch, and means responsive 
to the power capacity being less than a preselected 



minimum to provide a low battery power indication, 
^he power capacity checking means include, in 
addition to the test load switch, means for applying 
a preselected test load to the battery when the test 

5 load switch is actuated and means for comparing the 

voltage of the battery to a preselected minimum 
voltage corresponding to a preselected minimum power 
capacity when the test load switch is actuated and 
the battery is test loaded. The low battery power 

10 indication providing means is responsive to the 

voltage comparing means for providing the low 
battery power indication in response to the battery 
voltage being less than the preselected minimum 
voltage when the test load switch is actuated and 

15 the battery is test loaded. Preferably, an 

oscillator circuit is provided for periodically 
actuating the test load switch, although testing can 
also be acheived non-automaticallly in response to 
manual actuation, if desired. 

20 When A.C. power is removed from the 

detection circuit, it is necessary that the power 
from the battery be immediately available, and thus 
both the battery and the output of the D.C. power 
supply are connected to a common D.C. voltage bus 

25 which is connected to the remaining circuitry. A 

diode interconnected between the back-up battery and 
the output of the D.C. power supply is provided to 
isolate the battery from the output of the D.C. 
power supply or D.C. voltage bus whenever D.C. power 

30 is being provided by the D.C. power supply. Tn 

order for the back-up battery power capacity to be 
tested, it is necessary to forward bias this 
isolation diode. 
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Advantageously, and unlike known A.C. 



powered detectors in which it was necessary to 
physically disconnect the A.C. power in order to 
perform the test, in the present invention the D.C, 
power supply is disabled automatically whenever 
there is a test of back-up battery power capacity. 



achieved by providing a supervisory circuit for the 
back-up battery as generally described above, with 
means for periodically disconnecting the D.C. power 
supply for a preselected time period, and means 
enabled during the period of disconnection of the 
D.C. power supply for checking the power capacity of 
the back-up battery. In one embodiment, the 
disconnecting means includes an electronic switch, 
such as a transistor, connected between the input of 
the D.C. power supply and the detection, comparison 
and test load circuits; and, means for periodically 
actuating the electronic switch to switch it to a 
relatively non-conductive state to disconnect the 
power supply output from the remainder of the 
circuitry and, in particular, from the voltage 
comparator and test load circuit. 



features of the invention will be described in 
greater detail, and other advantageous features will 
be made apparent from a reading of the following 
detailed description which is given with reference 
to the several figures of the drawing. 



Brief Description qt the Drawing 

Figu re 1A is a funtional block diagram of 



a preferred embodiment of the A.C. powered detector 
with back-up battery supervision circuit of the 



In one embodiment, this objective is 



The foregoing objects and advantageous 




present invention. In the circuit of Figure 1A the 
D.C. power supply is disabled from providing output 
D.C. power by the inclusion of means for 
disconnecting it from the remainder of the 
circuitry ; 

F igu re IB/is a partially functional block: 
diagram and partially wiring schematic df the 



functional blocks -of-' the detector of Figure 1A; 

/ 

Figure 2 is' a partially functional block 
diagram and parfial^Ly circuit schematic of another 
embodiment of the invention and in which the D.C. 
power supply is disabled by short circuiting its 
A.C. input through one switch which enables test 
loading of the battery through another switch. 



Detail Description of the Invention 

Referring now to the drawings, 
particularly Figures 1A and IB, the first embodiment 
of the A.C. powered detector with a back-up battery 
supervisory circuit of the present invention is seen 
to comprise a D.C. power supply 10 which provides a 
D.C. voltage VDC on a D.C. voltage bus 12 to the 
remaining circuitry. The D.C. power supply 10 has a 
pair of A.C. input terminals 14 which are hard 
wired, or releasibly connected, to an A.C. power 
source 16, such as the 115 V..A.C, 60 hertz power 
provided by utility companies. The circuitry of 
Figure 1A includes a detection circuit 18 and a 
sensor 20, such as a photosensor or ionization 
chamber for detecting smoke. Sensor 20 provides 
detection signals to the detection circuit 18 
whenever a sensed alarm condition is present to 
cause actuation of an alarm 22, such as a siren or 
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other audible tone generator, by the detection 
circuit 18. 

The D.C. power from the D.C. power supply 
10 is provided on an output terminal 24 which, in 
turn, is coupled to the D.C. voltage bus 12 through 
a power supply control switch 26. The power supply 
control switch 26 is normally in a conductive state, 
and thus D.C. power is provided at its output 28 
(connected with the D.C. voltage bus 12) except when 
a supply switch driver 30 is actuated. The supply 
switch driver 30 actuates the power supply control 
switch 26 in response to actuation of a test load 
switch 32 which is connected between ground 
reference potentional 34 and the positive D.C. 
voltage bus 12 through a test load 36. 

Also, connected between the D.C . voltage 
bus 12, or the output 28 of power supply control 
switch 26 and ground refernce potential 34 is a back 
up battery 38, such as a conventional nine volt dry 
cell. The back-up battery 38 is coupled through an 
isolation diode 40 which has its anode coupled to 
battery 38 and its cathode coupled to the voltage 
bus 12. With this polarity connection, the 
isolation diode 40 protects the battery 38 against 
reverse current surges from the power supply 10 and 
is reversed biased to prevent dissipation of power 
from battery 38 whenever the D.C. power supply 10 is 
providing the D.C. voltage VDC on the voltage bus 
12. 

In keeping with the present invention, two 
things occur when the test load switch 32 is 
actuated. ^irst, a signal is applied to actuate 
supply switch driver 30 which, in turn, actuates 
power supply control switch 26 to disconnect the' 



D.C. power supply 10 from the D.C. voltage bus 12. 
This causes diode 40 to become forwardly biased to 
enable the back-up battery 38 to provide power to 
the remaining circuitry, particularly the test load 

5 switch 32. In addition, the test load switch 32 

connects the battery 38 and diode 40 in a circuit 
with test load 36 to load the battery 38 by a 
preselected amount, such as ten milliamperes . 

Advantageously, with the test load 36 

10 being applied to battery 38, the measurement of the 

voltage on voltage bus 12 is then a measurement of 
the power capacity of battery 38 which would not be 
achieved with simple measurement of its open circuit 
voltage. This power capacity indicating voltage is 

15 then compared by a voltage comparator 4 2 to a 

preselected minimum voltage which is indicative of a 
preselected low power capacity condition of battery 
38. If the detected voltage from battery 38 is less 
than the preselected minimum voltage, then the 

20 voltage comparator 42 provides a signal to cause the 

detection circuit 18 to actuate alarm 22 in a mode 
indicative of a low battery condition, such as 
generation of a periodic chirping sound instead of a 
continuous tone. 

25 While the test load switch 32 can be any 

type of switch, including a manually actuable 
switch, preferably it is automatically, periodically 
actuated by an oscillator circuit 44. 

The particular details of the voltage comparator 42, 
30 the test load switch 32, the oscillator circuit 44 

and the detection circuit 18 form no part of the 
present invention. In fact, all of such circuits 
are commercially available in a single integrated 
detector circuit package such as a Motorola MC14468 
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integrated circuit package. Descriptions of the 
details of such a circuits are found in 
specification sheets and catalog sheets published by 

Motorola Corporation. Suitable detection circuits, 
sensors and alarms are also shown in U.S. Patents 

4,083,037 and 4,246,572 of Larsen which are assigned 
to the assignee of this invention. Accordingly, 
these circuit elements are hereinafter collectively 
shown as a single integrated detector circuit 46, as 
shown in Figures IB, and 2. For instance, in Figure 
IB, the output of the test load switch 32 is at 
terminal 48, and the input of the voltage comparator 
42 is connected at terminal 50 to D.C. voltage bus 
12. 

Referring now to Figure IB which 
illustrates a preferred embodiment of circuitry for 
the D.C. power supply 10, the power supply control 
switch 26, the supply switch driver 30 and the test 
load 36. The power supply 10 includes a surge 
resistor 52, a smoothing capacitor 54 and a 
rectifying diode 56 connected in series between an 
input terminal 14 and the output terminal 24. A 
zenor diode 58 is interconnected between ground 
reference potential 34 and the junction between 
capacitor 54 and rectifying diode 56 and with its 
cathode connected to the junction of capacitor 54 
and its anode connected to ground reference. This 
Zenar diode 58 clips the rectified signal at output 
terminal 24 to a preseletected maximum level, such 
as 11 volts D.C, and capacitor 62 filters or 
smooths this D.C. output signal from the D.C. power 
supply 10. 

This D.C. voltage from the D.C. power 
supply 10 appears at the D.C. voltage bus 12 so long 



as a transistor 64 is in a conductive state. A bias 
resistor 66 is provided between the collector and 
base of transistor 64, and the collector is 
connected to the output terminal 24 to normally bias 
5 the transistor 64 to a conductive state. Under 

these conditions, the voltage at output terminal 24 
of power supply 10 appears at the output terminal 28 

of power supply control switch 26. The diode 67 
interconnected between the emitter of transistor 64 

10 and output 28 is forward biased, and the voltage at 

output terminal 28 reverse biases the isolation 
diode 40 associated with the back-up battery 38. 
Diode 67 protects the emitter of transistor 64 
against reverse bias from battery 38 during test. 

15 Periodically, the oscillator circuit 44 of 

the integrated detector circuit 46 (Figure 1A) 
actuates the test load switch 32 to apply a zero 
voltage state, or ground reference level, pulse to 
output terminal 48. This zero voltage state pulse 

20 is coupled through a limiting resistor 68 to apply 

base drive to PNP transistor 70 of supply switch 
driver 30. The collector of transistor 70 is 
connected to ground reference 34, while the emitter 
is connected through resistor 72 to the base of 

25 transistor 64. Accordingly, when transistor 70 is 

energized to conduct, it causes removal of base 
drive from transistor 64 otherwise being provided 
through bias resistor 66; accordingly, transistor 64 
turns off. This action forward biases diode 40 to 
30 enable it to load battery 38 with a test load 

provided by resistor 74 interconnected therewith 
through D.C. voltage bus 12. The light emitting 
diode 76 is optional and may or may not be included 
in the circuit. 
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This test load condition occurs on the 

order of approximately once every forty seconds and 

has a relatively short duration on the order of 

approximately ten milliseconds. During each of 

these ten millisecond battery test periods, the 

voltage at the output terminal 28 of power supply 

switch 10 drops off in response to an approximately 

ten milliampere load on battery 38. If the voltage 

on the D.C. bus 12 drops below a preselected level 

established by voltage comparator 42 of the 

integrated detector circuit 46, the voltage 

comparator 42 actuates the detection circuit 18. 

The detection circuit 18 then momentarily actuates 

alarm 22 at a frequency on the order of 

approximately once per minute. 

Referring now to Figure 2, another 

embodiment of the supervision circuit is shown. In 

Figure 2, the power supply contol switch 26 and 

supply switch driver 30 of Figures 1A and IB have 

been eliminated, and instead, a PNP transistor 78 is 

utilized to provide a similar function. The 

collector of transistor 78 is coupled to ground 

reference 34 through a load resistor 80, and the 

emitter is coupled directly to the anode of diode 56 

and thus through capacitor 54 and resistor 52 to the 

A.C. terminal 14. The base of transistor 78 is 

coupled through a limit resistor 82 output terminal 

48 of integrated detector circuit 46. 

Accordingly, whenever the signal on output 

terminal 48 of integrated detector circuit 46 

momentarily switches to a logic zero state, 

transistor 78 is caused to turn on and saturate, 

thus preventing the D.C. power supply 10 from 

providing the D.C. voltage at its output terminal 24 
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whenever transistor switch 78 has been turned on. 
When transistor 78 conducts, it effectively bypasses 
the output terminal 24 of the D.C. power supply 10. 
Note that the emitter of transistor 78 is isolated 

5 from the back-up battery 38 by diode 56 of the D.C. 

power supply 10; that is, it does not directly load 
the back-up battery 38. Instead, in response to 
actuation of transistor switch 78, the voltage 
signal VDC provided by the D.C. power supply 10 is 

10 removed from junction 24. This action causes 

forward biasing of isolation diode 40 to enable the 
loading of battery 38 through load resistor 74 and 
through the test load switch 32 within integrated 
detector circuit 46. 

15 While particular embodiments have been 

disclosed which are preferred embodiments, it should 
be appreciated that many variations may be made 
thereto without departing from the scope of the 
invention as defined in the appended claims. For 

20 instance, while all embodiments have shown the use 

of the alarm 22 used to indicate an alarm condition 
to also provide a low battery power indication, it 
should be appreciated that separate alarms and, in 
fact, separate oscillator circuits and voltage 

25 comparator circuits could be used for these 

purposes, if desired. In addition, while use of an 
integrated detector circuit, such as the Motorola 
MC14468 integrated circuit package, is preferred, it 
is not necessary that this particular circuit be 

30 used or even that all of the functional elements 

illustrated in Figure 1A be integrated together in a 
single circuit. Also, while the circuit shown in 
the figures use a half wave rectifier for the D.C. 
power supply, a full wave bridge could also be used. 
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